Objectives: Emergency ambulance services do not transport all patients to hospital. International literature reports non-transport rates ranging from 3.7-93.7%. In 2017, 38% of the 11 million calls received by ambulance services in England were attended by ambulance but not transported to an Emergency Department (ED). A further 10% received clinical advice over the telephone. Little is known about what happens to patients following a nontransport decision. We aimed to investigate what happens to patients following an emergency ambulance telephone call that resulted in a non-transport decision, using a linked routine data-set. Methods: Six-months individual patient level data from one ambulance service in England, linked with Hospital Episode Statistics and national mortality data, were used to identify subsequent health events (ambulance re-contact, ED attendance, hospital admission, death) within 3 days (primary analysis) and 7 days (secondary analysis) of an ambulance call ending in nontransport to hospital. Non-clinical staff used a priority dispatch system e.g. Medical Priority Dispatch System to prioritize calls for ambulance dispatch. Non-transport to ED was determined by ambulance crew members at scene or clinicians at the emergency operating center when an ambulance was not dispatched (telephone advice). Results: The data linkage rate was 85% for patients who were discharged at scene (43,108/50,894). After removal of deaths associated with end of life care (N ¼ 312), 9% (3,861/42,796) re-contacted the ambulance service, 12.6% (5,412/42,796) attended ED, 6.3% (2,694/42,796) were admitted to hospital, and 0.3% (129/42,796) died within 3 days of the call. Rates were higher for events occurring within 7 days. For example, 12% re-contacted the ambulance service, 16.1% attended ED, 9.3% were admitted to hospital, and 0.5% died. The linkage rate for telephone advice calls was low because ambulance services record less information about these patients (24% 2,514/10,634). A sensitivity analysis identified a range of subsequent event rates: 2.5-10.5% of patients were admitted to hospital and 0.06-0.24% of patient died within 3 days of the call. Conclusions: Most non-transported patients did not have subsequent health events. Deaths after non-transport are an infrequent event that could be selected for more detailed review of individual cases, to facilitate learning and improvement.
country and has been recently shown to range between 4 and 94% in services from countries as diverse as North America, Europe, Australia, Asia, and Africa, with vulnerable groups such as children and the elderly often over represented (1) . In April 2016 to March 2017 in England in the United Kingdom (UK), the ambulance service responded to 6,247,259 emergency calls: in 48% of these calls, the patient was not transported to a hospital with an Emergency Department (ED); 38% of patients received an ambulance and were treated and discharged on scene and 10% of patients received clinical advice over the telephone (2) .
Research into cases where patients are sent an ambulance but not transported to hospital, also known as discharge at scene, has yielded variable results. Gratton et al. reports that 11% of non-transported patients are under-triaged, but conversely 30% of transports to the ED are unnecessary (3) . A recent systematic review found that within 24-48 hours of non-transport decisions, between 2.5 and 6.1% of patients re-contacted the ambulance service, 4.6-19% attended ED and mortality rates were between 0.2-3.5% (1) . However, this review identified problems with the evidence base as most studies could not control for confounding, reporting of estimate of variance was poor, and many studies used different classification systems to describe complaints. The review did identify that some non-transported patients are seeking further emergency healthcare with one or 2 days after the non-transport decision and that further research is required to identify what happens to this patient group (1) . Comparison between studies is challenging because individual studies tend to focus on specific decision makers or patient groups, for example, skill-level of attending paramedics, elderly people, falls, or children (4) . A systematic review, which identified and mapped evidence about ambulance service patient safety, found few adequately powered studies that addressed ambulance service patient safety (4) . Concern was expressed about use of inconsistent methods, definitions, and outcome measures and much of the research base was classed as poor quality.
Evidence relating to clinical advice over the telephone focusses mainly on the feasibility of telephone advice provided by ambulance services rather than assessment of its safety (4) . A systematic review of telephone advice for low urgency ambulance call found it to be safe in terms of unexpected deaths (5) and a U.S. study of telephone advice for non-urgent 9-1-1 calls did not detect any adverse outcomes (6) . However, some studies have identified problems with safety in that a large proportion of patients subsequently accessed the ED or were admitted to hospital (7) or there were concerns about the under-triage of more serious problems (8) .
IMPORTANCE
The most common causes of litigation against ambulance services are attributable to non-transport decisions, such as failed or delayed treatment (18.4%), failed or delayed admission to hospital (12%), and failed or delayed diagnosis (12%). An expert group has also identified non-transport decision-making as one of the areas that could most improve patient safety in ambulance services (4) .
Research into the safety of non-transport decisions has been hindered by the lack of routinely available ambulance service data, and ambulance data linked to hospital or other outcome data sets (9) . For example, services in England do not routinely receive information about what happens to patients following discharge from ambulance service care. This lack of information and understanding about subsequent calls and post discharge health contacts has a detrimental impact on the ability of ambulance services to assess, evaluate and audit the safety of triage and transport decisions.
GOALS OF THIS INVESTIGATION
The aim of this research was to identify the rate of subsequent health events (ambulance re-contact, ED attendance, hospital admission, and death), following a non-transport decision.
METHODS

Study Design and Setting
This research was a data linkage study between the national routine health and mortality data-sets to ambulance routine data-sets for a single ambulance service in England serving 4.8 million people.
Setting and Context
Emergency Medical Services are provided by 11 ambulance services within the National Health Service (NHS) to the population of 53 million people in England, UK. Ten of these ambulance services deal with over 99% of emergency ambulance calls from the population of England. Most calls are from patients calling 999 to request an ambulanceapproximately 4 in 5 calls-with the remaining calls being passed directly through from patients calling a telephone helpline for urgent care called "NHS 1-1-1," or through direct referral from a health professional requesting an emergency ambulance. Calls are taken by non-clinical staffs that use software to identify the priority of each call. The 10 ambulance services use 2 different priority dispatch systems: the Medical Priority Dispatch System (version 12.1 at the time of the study) and NHS Pathways. A small percentage of calls that are categorized as low priority are passed to clinicians in Emergency Operating Centers within each ambulance service for secondary triage. The clinicians in these Emergency Operating Centers use decision support software to determine whether the patient needs an ambulance or can be offered telephone advice only. This advice includes self-care advice or referral to a service such as primary care; an ambulance is not dispatched. For calls not sent for secondary triage, an ambulance is dispatched and patients may be attended by paramedics, paramedics with extended skills, or emergency care technicians with basic emergency training. The ambulance crew assesses and treats patients at scene and can discharge people at scene, transport them to a hospital-based emergency department, or transport them to another health facility such as a walk-in center. Decisions are made by paramedics in conjunction with patients and their families. Protocols exist for making decisions relating to transport of patients with some health conditions. Sometimes non-transport occurs due to patient refusal to travel. Nontransport rates in England at the time of data collection for this study were around 9% for telephone advice only and 37% for discharge at scene. (10) . The data linking algorithm used the following variables for linkage: date of birth; postcode; NHS number; gender.
Ethics Approval
Overall, 83% (154,927/187,287) of patients in the sample were successfully linked by NHS Digital. Non-linkage occurred due to missing or incomplete patient identifying data held in the ambulance record, in particular date of birth. No date of birth data was available for patients receiving telephone advice only from a clinician, which initially resulted in no linkages for this group of patients. An information analyst at the ambulance service searched previous and subsequent ambulance clinical information to identify dates of birth, meaning that only patients who had previously contacted the ambulance service and received a face to face ambulance response had date of birth data necessary for successful linking.
The data-set was originally created to develop and test new ambulance service quality and performance measures (11) . We obtained permission from NHS Digital to reuse this dataset to identify the rate of subsequent events for patients who are not transported to hospital (Study code: DARS-NIC-315175-P8X6Z-v2 MR1357). Using the unique HES identifier generated for each patient in the study sample, it was possible to identify if individual patients had subsequent re-contacts with the ambulance service or contacts with other services (ED, hospital admission) or had died, following their original ambulance contact.
Inclusion and Exclusion Criteria
All patients that called the ambulance service were included in the ambulance data set ready for linkage with the following exceptions: attendances with no electronic patient report form (this is the record of the clinical consultation for calls attended by an ambulance crew; it was not practicable to include consultations recorded using paper forms); inter-hospital transfers (these calls do not require ambulance crews to make decisions about patient transports); calls passed to other ambulance services; and duplicate calls for the same incident. Those that were not matched by NHS Digital were excluded from the analysis. See Figure 1 for a flow diagram of exclusions.
Following linkage, patients who died before the ambulance crew left the scene and deaths related to end of life care were excluded. For the latter exclusion, a medical practitioner author of this paper (NS) identified ICD-10 codes associated with end-oflife care and deaths recorded with these ICD10 codes were removed prior to analysis.
A patient report form is never available for calls ending in telephone advice so these calls were included using information from the ambulance call data only (Computer Aided Dispatch record). Only calls ending in telephone advice that received input from a clinician were included. Calls that were dealt with by a non-clinical call handler were excluded. This accounted for approximately 5,000 calls.
The proportion of non-transported calls available to our study was approximately 56% of those included in publically published monthly Ambulance Quality Indicators (AQIs) for the same time period (62000/110000). This was due to the exclusions previously listed and, also, due to the fact that our database was patient-based whereas the published AQIs were call-based. Patients included in our data-set included patients who had called the ambulance and were not transported for a variety of reasons including refusal to travel, ambulance crew members lifting a patient after a fall, and ambulance crew members or clinicians making decisions not to transport. 
Outcomes
Four types of subsequent events were identified: ambulance service re-contacts, ED attendances, hospital admissions, and death. Previous studies have used a range of time points and definitions for measuring subsequent events, with subsequent events being calculated within hours or months of the original event (12, 13) . A shorter events time period ensures that events are more likely to be attributable to ambulance service care. However, if an event period is too short, some events attributable to the non-transport decision may be missed. A 3-day time frame was selected for the primary analysis and a 7 day time frame for a secondary analysis. National hospital admission's data collects date of admission but not time; therefore, all times have been reported in days.
Analysis
Statistical analysis was undertaken using R. (new reference). The characteristics of patients who were matched by NHS Digital with those who were not matched were compared. A descriptive analysis was undertaken by calculating the frequency of different types of subsequent events. Due to the low match rate for calls receiving telephone advice only, a sensitivity analysis was conducted using 100% of the telephone advice only calls as the denominator to calculate minimum hospital admission and death rates; the primary telephone advice analysis was based on patients that were matched by NHS Digital, indicating maximum hospital admission and death rates. Further sensitivity analysis involved excluding patients aged >90 years, as these patients can be expected to have subsequent events, and excluding frequent callers (defined as people who contacted the service >6 times in a 6-month period) because these patients may be more likely to seek subsequent care for non-urgent health problems. We also looked at the number of subsequent events occurring within 7 days and compare this to our primary analysis of 3 days. Small numbers have been suppressed in tables to conform to NHS Digital's data reporting policy (>5 are suppressed).
RESULTS
Characteristics of Study Subjects
Whilst the overall data linkage rate was high (83%), this varied by types of non-transport decision. Eighty-four percent (43108/50894) of cases where patients were discharged at scene were matched to ambulance, HES and national mortality data. There was minimal overall difference between patient characteristics of the 84% of patients who were linked and the 16% who were not linked (see Table 1 : Characteristics of linked and non-linked calls). Baseline characteristics were similar with regards to gender, whether the call was made in or out of hours (in hours defined as 08:00 to 18:00, Monday to Friday), and the urban/rural geography from which the call was made. There were small differences in some, but not all, of the reasons for making a call, some of the deprivation subgroups (using Index of Multiple Deprivation (IMD) quintiles) and some of the age groups.
The data linkage rate for patients who received advice from a clinician over the telephone was much lower, which was only 24% (2521/10634). There was evidence of bias in this sample as patients with linked data are older than patients with unlinked data, with differences across all age groups. Because of this, event rates for the telephone advice group are reported as a minimum and maximum range based on a sensitivity analysis.
Subsequent Event Rates and Sensitivity Analysis
Subsequent event rates for each type of ambulance service decision are shown in Table 2 . All results show re-contacts within 3 days of the original ambulance contact. Subsequent event rates for the discharge at scene group were as follows: recontacts with the ambulance service, 9.0%; ED attendance rate, 12.6%; hospital admission rate 6.8%; and mortality rate 0.30%. A large proportion of patients who subsequently died within 3 days of the original call were aged 81-90 years old (42% (54/ 129)) or over 90 (12% (16/129)). Sensitivity analysis (Table 3) shows that when accounting for age (>90), frequent callers and non-linked calls, there was little variation in results for discharged at scene patients. Subsequent event rates rose by approximately 3% (or 0.24% for deaths) when the event window was increased to 7 days (re-contacts with the ambulance service, 12.0% (5151/42796); ED attendance rate, 16.1% (6876/42796); hospital admission rate 9.3% (3968/42796); and mortality rate 0.54% (229/42796).
Due to the low data linkage rate for the telephone advice only group, the results from the sensitivity analysis are reported in Table 3 . The minimum recontact rate with the ambulance service was 7.6%; the minimum ED attendance rate was 6.2%; the minimum hospital admission rate was 2.6%; and the minimum mortality rate was 0.06% (6/10 627). Results were less stable for the telephone advice group when we conducted the sensitivity analysis. For example, ambulance re-contacts decreased from 32.4% to 19% when we removed frequent callers and there was a large effect on all health event rates when we included non-linked calls within the denominator. This was due to the low linkage rate for this group. Events within 7 days were approximately 5% higher than those which occurred within 3 days, except for deaths, which were 0.16% higher at 7 days Table 2 reports rates of subsequent contacts by patient and call characteristics. Most of the deaths in the discharge at scene group occurred in older age groups, with no deaths occurring for patients under age 20. Hospital admissions and ambulance service re-contact rates were also higher for older age groups. ED attendance was highest for the 0-2 year's age group and this was also true for the telephone advice only patients. There was little difference in rates of subsequent re-contacts by gender, urban or rural call location, deprivation subgroup and time of call. The reason for call that resulted in the highest rate of ED attendance was "seizure" (for example, epileptic seizure), for both discharge at scene and telephone advice.
Patient and Call Characteristics
Timing of Re-contacts with the Ambulance Service
It was possible to calculate the exact timing of subsequent calls to the ambulance service (recontacts) by plotting time by hour after the original call (see Figure 2) . For calls where the patient was discharged at scene, re-contacts were usually made within 4 hours of the original call. Where calls ended in telephone advice, re-contacts were usually made within 2 hours of the original call.
Event Pathway
Some patients had multiple types of subsequent health event (see Tables 4 and 5 ). For example, 192 people who received telephone advice, subsequently re-contacted the ambulance service, attended an ED and were admitted to hospital, all within a 3-day period. For discharged at scene patients, 1,508 (3%) patients re-contacted the ambulance service, attended an ED and were admitted to hospital within 3 days and a further 1,142 (2.2%) attended ED and were admitted to hospital within 3 days. The majority of discharged at scene patients had no subsequent health contacts within 3 days (35,706/ 50,894 (70.1%).
DISCUSSION
Main Findings
The majority of patients who were not transported did not have a subsequent event within 3 days or 7 days, although the event rate was higher within 7 days. However, a small proportion of patients had contacts with multiple emergency and urgent care health services within 3 days of the non-transport decision. Further qualitative research and analysis required to identify and evaluate the factors involved in non-transport decision making for these cases and to assess the safety and appropriateness of these decisions.
Events may have been related to appropriateness of decision making, changing circumstances or patient preference for transport. Work by O'Hara and colleagues identified that non-transport decisions are complex decisions based on multiple factors (14) . For example, long standing conditions, preferences of families or the patient, availability of other referral options and risks associated with hospital admissions are all taken into consideration during decision making.
Direct comparison of the findings from this study with those reported by other studies is not straight forward. Researchers take different approaches to data collection, focus on specific types of paramedics or patients, or use varying time periods for studying subsequent events. A scoping review of outcomes reported following non-transport identified that similar outcomes are often reported in different ways, making comparison challenging (15) . Despite differences in condition, study type and time intervals used for reporting data, subsequent event rates reported by other studies for patients discharged at scene are comparable to the findings reported here. Death rates reported by other studies were comparably low (13, (16) (17) (18) (19) and ranged from 0% to 2.3%. The lower event rate of 0 was measured at 1 day (20), whereas the upper event rate of 2.3% was measured at 2 weeks (18) . ED and hospital admission rates were comparably higher for patients discharged at scene (15, 18, 19, 21, 22) : the lowest ED attendances rate being 12.3% and measured at 72 hours (18) and the upper ED event rate being 24% and measured at 2 weeks, whilst the lowest hospital admission event rate was 6.3% and measured at 2 weeks and the upper event rate was 10% and reported at 72 hours. However, these studies had much smaller sample sizes than the study reported here (<1000) patients, with the exception of the study by Tohira et al. (16) , which had a sample size of approximately 10,000 patients. Other studies have focused on specific populations, with a study by Haines and colleagues (23) reporting outcomes for pediatric patients (<22) who were not -transported. They found that 2.4% of non-transported patients were admitted to hospital following a non-transport decision. Our findings show that less than 1% of pediatric patients were not transported and subsequently admitted to hospital, and this may be reflective of national policy guidance around non-transportation of pediatric patients. A study by Tohira et al. (24) assessed whether it is appropriate for paramedics to discharge patients at scene and compared patients who were discharged at scene to those who were transported to hospital. Patients who were discharged at scene had more subsequent events than those who were transported and older age patients and those with abnormal signs were predictors for subsequent events. They concluded that further consideration is needed to identify those patients who will most benefit from a non-transport decision.
Strengths and Limitations
This is the first large scale assessment of outcomes following non-transport decisions using routine linked patient level data in England. There were 5 limitations for this analysis. The first limitation is generalizability because the analysis is based on one ambulance service for 6 months of 2013. During this time period, this ambulance service had average discharge at scene and telephone advice rates when compared with the other 9 large English ambulance service. Internationally, some countries have different policies around non-transport, for example that only patients can decide not to be transported to hospital. The findings from this study will only be transferable to countries with policies facilitating non-transport decisions by ambulance crews and clinicians (nurses and paramedics). Second, while strength of this research is that the data covers a broad population to assess whole population use and outcomes, the drawback is that the data included different types of non-transport such as those who have refused transport as well a range of reasons for calling for an ambulance. Third, there was a high linkage rate (84%) for patients who were discharged at scene, but a much lower linkage rate (24%) for patients who received telephone advice only. Because of the low linkage rate for the telephone advice group, the results are less likely to be useful. The low linkage rate was due to information about patient's date of birth not being routinely recorded by that ambulance service at the time of the telephone call and this information was required for the data linking methodology used by NHS Digital. In addition, telephone advice patients with linked data were more likely to be frequent callers or sicker than those with non-linked data, due to the way date of birth data was identified and used for a second linkage attempt. It is likely that these patients were sicker than patients who had no other contacts with the ambulance service and that they would have a higher likelihood of subsequent health events. Due to this we undertook a sensitivity analysis, using the total number of calls and the total number of linked calls to calculate a minimum and maximum subsequent event rate for the different types of events. The true value is likely to lie somewhere between these values. Four, people in end of life care pathways may have formal agreement with care providers that they want to die at home so these deaths were removed so that only unexpected deaths were included in the analysis. It is possible that this approach did not detect all those in end-of-life care. Fifth, subsequent events were calculated using days rather than hours. This was because the hospital admission data-set did not include time of admission. To ensure consistency in reporting days rather than exact times or hours were used in the analysis, despite having this more detailed time information for ED, ambulance and mortality data. While this ensures consistency in the reporting of the results, it introduces some limitations to the analysis as subsequent event rates are calculated in 24 hour periods rather than hours.
Several of the challenges that we encountered in our research were also identified in a recent paper by Newguard et al. (25) who identified key aspects of designing and implementing out-of-hospital electronic health record research and reported lessons learned; for example, missing data, electronic data processing, tracking clinical outcomes across different service providers and phases of care, and the use of data linkage. As identified by Newguard and colleagues, studies using out-of-hospital electronic health records that track clinical outcomes across multiple service interfaces is highly complex and requires thorough planning and feasibility assessment to ensure the success of this type of research. Continued development of data linkage methods to link out-of-hospital care records to ED and hospital records is important and has been described as "a crucial first step to quality improvement" (26) .
IMPLICATIONS
A non-transport decision that underestimates the urgency or the severity of the patient's condition could jeopardize patient safety through delays in treatment, whereas overestimating the urgency of a patient's condition could lead to inappropriate service use, resulting in overburdening of busy health services or unnecessary attendance at a health service for patients. Whether patients required hospital admission or treatment or died within a short time of the original ambulance contact can be used as an indicator of the safety of non-transport decisions (12) . High rates of contacts with other services or deaths may be indicative of low levels of patient safety; whereas, people who died or are admitted to hospital following a non-transport decision could be an indicator of safety failure.
Funding of care has implications for non-transport decisions, as in the United States, many emergency medicine services are not reimbursed if a patient is not transported to an ED. However, new schemes, such as "mobile health care providers" could help to reduce unnecessary transports through a combination of additional training and changes in health insurance policy (27) .
This study found that a minority of patients who were discharged at scene in one ambulance service in England in 2013 made re-contact with another service or died within 3 or 7 days. The acceptability of the rates reported here requires subjective assessment. It is important to look at ways of measuring these event rates routinely so that different ambulance services can compare rates between services and within services over time. Audits can also be undertaken to identify reasons for these events.
Deaths are a particularly worrying event and a detailed individual case review of significant events such as death or hospital admission could be undertaken and this information fed back to staff to facilitate learning and improvement. Improved data quality and data-linkage methods are recommended to facilitate routine assessment of event rates.
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